other is an application of the code system to disposal of liquid radioactive waste to the surface water of the ocean.
The calculated results identified important radionuclides and exposure pathways .
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I . INTRODUCTION
The assessment of radiological consequences to the public due to radioactive effluents released from a nuclear installation provides information useful for optimizing a design and selecting a site of the installation. Aiming at the evaluation of the consequences associated with an operation of a spent nuclear fuel reprocessing plant, development of methodologies and preparation of input data files needed for the assessment have been conducted at the Japan Atomic Energy Research Institute (JAERI).
There are two numerical measures to indicate the radiological consequence, i.e., radiation exposure to the public: maximum individual dose and collective dose. The former is an index of the radiological consequence to a member of a critical group which is expected to receive the highest exposure in a population. The latter, on the other hand, is useful as a quantitative measure of the radiological impact to the whole population and also as basic information on ALARA for radiation protection, as long as a non-threshold linear dose-response relationship is assumed between exposure and health effects.
As part of the above research, computer code systems, ATRENO/TERFOC-N(1)(2) for gaseous effluents and DSOCEAN for liquid effluents, have been developed to assess the collective dose of Japanese due to radionuclides released from a reprocessing plant. This report provides models and input data files used in DSOCEAN, and the results of two calculations which were carried out by using DSOCEAN.
The estimation of the collective dose due to liquid effluents might be more difficult than that associated with gaseous effluents. This is because the transfer of radionuclides in the ocean is governed significantly by the site-specific conditions, and it is harder to prepare the catch distribution of marine products than the production of agricultural products. Three methodologies(1)(3)(4) including the model described here have been developed in Japan for estimating the collective dose due to radioactive effluents from a reprocessing plant. All of the methodologies use a box model (5) which represents the transfer of radionuclides between boxes of seawater. However, an area to be assessed and division of the area into boxes are somewhat different to each other. The present model takes account of only the ocean around Japan, whereas the other models deal with the whole of the Pacific Ocean and other seas as well. Figure 1 shows the structure of the computer code system DSOCEAN for assessing the collective dose from liquid effluents. The computer code system uses a box model which represents the transfer of radionuclides between boxes of seawater into which the ocean around Japan is divided. The code system consists of a series of three main codes which are interlinked: EXCHNG estimates the exchange rates of radionuclides between the boxes, keeping mass conservation of seawater; CONCEN calculates the radionuclide concentration in each box as a function of time; COLDOS assesses the collective dose of Japanese from various exposure pathways.
II. COMPUTER CODE SYSTEM
Other two computer codes have the following functions: MANAGE manages the oceanographic data (temperature and salinity in seawater and ocean currents), and makes their average values. PLOT illustrates the calculated results of ocean currents and the radionuclide concentration in each box.
A stand-alone computer code system DOSDAC(6)-(8) computes systematically and consistently internal dose and external dose-rate conversion factors, using up-todate fundamental data of radioactivity decay, atomic, anatomical and metabolic data. The internal dose conversion factor is calculated with the methodology described in ICRP Publication 30/48(9)(10), and the external dose-rate conversion factor with the method of Kocher(11) at ORNL.
As shown in Fig. 1 , the execution of DSOCEAN requires the following input data files: oceanographic data, topographic data, distribution coefficients, bioaccumulation factors, internal dose and external dose-rate conversion factors, radiation data (the kind, the average and the maximum energies, and intensity of emitted radiation), population and catches of marine products. Files of nuclide-dependent data are provided for 41 radionuclides including their daughters. The radionuclides involved in the files are important for the assessment of the radiological consequence from a reprocessing plant. Summaries of input data files are given in APPENDIX 2.
III.
MODEL DESCRIPTIONS
Outlines of the Model
The transfer of radionuclides in seawater is estimated with a box model(5) which expresses the exchange of radionuclides between boxes of seawater into which the ocean around Japan is divided. The choice of a box size might be influenced by available oceanographic data, topographic data of the ocean and fishery statistics, taking account of the resolution of the radionuclide concentration in a box and potential discharges of radionuclides into the ocean. In the model used here, the ocean of interest is horizontally divided into boxes of one degree of both a latitude and a longitude.
The transfer of radionuclides between boxes is estimated by the sum of a component of an ocean current and that of the eddy diffusion. The measured currents are usually available only for the surface and are of larger time-variance. The ocean current, therefore, is basically obtained by the caluclation of the geostrophic current, using the more abundant data of temperature and salinity. A thermocline formed in the ocean may influence the vertical transfer of radionuclides. The radionuclide concentration in each box is calculated by using three simple models in which the effect of the thermocline is taken into account.
The collective dose due to a liquid effluent is calculated for various exposure pathways. Although the pathways except ingestion of marine products are rather less important in the collective dose, they might still be important to be assessed in order to clarify the relative importance of each pathway. The catch of marine products is one of the most important data for the assessment of the collective dose. The total catches were prepared based on the national statistical data concerned and shared to three sea regions (coastal, offshore, deepsea regions), based on the relationship between the regions and kinds of prevailing fisheries.
Exchange Rates of Radionuclides in
Seawater Figure 2 shows the area to be assessed (24ß to 47ß of north latitude, 124ß to 150ß of east longitude) and the division of the area into boxes for the DSOCEAN code system. This area was chosen based on the availability of data on oceanography and the catches of marine products. Radionuclides which go out of the assessment area are supposed not to return to the area nor contribute to the collective dose of the Japanese population. The assessment area is horizontally divided into boxes of one degree of both a latitude and a longitude (approximately 100 km2). For the vartical division of boxes, it is possible to use one of three simple models in which the effect of 1 Structure of the DSOCEAN code system for assessing the collective dose in Japan due to radionuclides released to the ocean from a reprocessing plant a thermocline is taken into account. These three models are explained in the next section. An ocean current is basically obtained by the calculation of the geostrophic current, using the measured data of temperature and salinity at various depths of the ocean. In a shallow area where the calculation of the geostrophic current is not correct, ocean currents measured by the GEK (Geomagnetic Electro-Kinetograph) are used. The reasons for adopting this method are that:
(i) the data of temperature and salinity are more abundant than the GEK data, (ii) the GEK data are usually available only for the surface of the ocean, and (iii) it is difficult to keep mass conservation of seawater in case of using the GEK data which are of larger time-variance. The followings briefly explain the method for calculating the geostrophic current(12) (13) . As shown in Fig. 3 , let two measuring points on the surface be A and B, and two points in which water pressure is p be a and b. Also let ocean currents flow perpendicularly on a cross section composed of the surface AB and the isobaric plane ab. The following equation is derived from the definition of the geostrophic current where the Coriolis force balances the pressure gradient in the ocean: (1) where vo and v, are the velocities of ocean currents at the surface AB and the isobaric plane ab, respectively (m/s), Da and Db are the differences of the geopotential between the surface and point a, and between the surface and point b, respectively (m2/s2) L is the distance between the two points A and B(m), o the angular velocity of the rotation of the earth on its axis (s-1), and p the latitude of the measuring points. When Db-Da is positive, vo-vp directs perpendicularly toward the reverse side of the cross section in the northern hemisphere, and vice versa in the southern hemisphere.
The difference of the geopotential, D, is calculated by (2) where a is the specific volume of seawater, i,e., the re- Since the difference of D is equal to that of DD in an isobaric plane, Db-Da is equal to DDb-DDa. For the calculation of the geostrophic current, therefore, one may calculate only the value of DD. One bar is equal to the pressure at about 10 m in depth. In the actual calculation of D, therefore, depths in the unit of meter may be used instead of the pressure of 1 deci-bar. The difference between the two is within 1%. The value of d is practically approximated by the thermosteric anomaly, D st (m3/kg), which is defined as a(S,t,0)-a(35,0,0), as given by (3) where st =St +(s0 -S0) [ Cl is the chlorinity (%), s the specific gravity anomaly of seawater which is defined as r-1000, r the density of seawater (kg/m3), so and st are the specific gravity anomaly of seawater at atmospheric pressure at 0dc and tdc , respectively, and So and St are the specific gravity anomaly of pure water at atmospheric pressure at 0dc and tdc, respectively.
Equation (1) estimates only the difference between velocities of ocean currents in two isobaric planes. If the velocity is available in an arbitrary isobaric plane, the distribution of the velocity can be estimated in this cross section. Since it is generally impossible to obtain such an absolute velocity, only ralative velocities at various depths are calculated to a motionless surface where a current is sufficiently small. Usually the motionless surface is set to be about 1,000m (12) . Figure 4 shows ocean currents on the surface water around Japan estimated with the method in which the calculations of the geostrophic current are complemented by the measured GEK data. The ocean currents estimated here are the annual average over the whole period in which the oceanographic data are available. The calculated ocean currents generally agree with the main actual currents, as shown in Fig. 4 by bold lines, around Japan, especially express well a rapid flow of the Japan Current. The estimation, however, does not reproduce a main flow of the Riman Current which flows to the southwest along the coast of Russia and North Korea. This might be due to the fact that the oceanographic data are insufficient in these areas.
The following describes a concept of the exchange rate of radionuclides between boxes of seawater. If an ocean current flows from box j to box k, the "exchange factor" which expresses the transportation of the radionuclides between boxes is estimated by the sum of the component of the ocean current and that of the eddy diffusion (14):
where Qjk is the exchange factor which expresses the radionuclide transfer from box j to box k due to the ocean current and eddy diffusion (m3/s), Qkj the exchange factor from box k to box j, vjav the average velocity of the ocean current in box j over the depth to be assessed (m/s), Ajk the cross-sectional area between box j and box k (m2), Ded the eddy diffusion coefficient (m2/s), and Lbjk the average length between box j and box k (m).
The exchange rate of radionuclides between boxes is calculated using the exchange factor: (6) where Rjk is the exchange rate of the radionuclides from box j to box k(s-1), and Mj the volume of water in box j(m3). In a practical calculation of the exchange rates, the volumetric flows of seawater between the boxes are adjusted so that mass conservation of seawater is kept.
Concentrations of Radionuclides in Seawater
The time-dependent inventory of a radionuclide in each box is expressed by radioactive decay, exchanges 
where Ni,j is the inventory of radionuclide i in box j (Bq), lir the radioactive decay constant of radionuclide i (s-1), Rjx the exchange rate of the radionuclide from box j to box x(s-1), Bzi the branching ratio from radionuclide z to radionuclide i, li,jsc the loss rate of radionuclide i due to sedimentation in box j(s-1), and STi,j the release rate of radionuclide i into box j (Bq/s). A particle scavenging model (5) estimates the loss rate due to sedimentation: (8) where Kids is the distribution coefficient of radionuclide i between seawater and suspended solid (m3/kg), RSj the sedimentation rate of suspended solid in box j (kg/m2/s), Tj the average depth in box j (m), and SSj the amount of suspended solid in box j (kg/m3).
In the ocean, there is a thermocline which is a layer having a large temperature gradient. Since the thermocline prevents a radionuclide from moving downward to the bottom, it influences the vertical distribution of the radionuclide concentration in the ocean. In the DSOCEAN code system, the concentration of a radionuclide in each box is calculated by using one of the following three simple models associated with the thermocline:
(i) The radionuclide concentration is uniform throughout a water column from the surface to the bottom of the ocean (here call a uniform model). (ii) The radionuclide concentration is uniform in a water column from the surface to the thermocline, and a radionuclide is not transferred below the thermocline (here call a step model). However the radionuclide in the uniform layer is supposed to sink below the thermocline due to sedimentation. (iii) The radionuclide concentration in the layer above the thermocline is uniform, and that in the layer below the thermocline decreases exponentially toward the bottom (here call an exponential model).
The attenuation constant of the exponential layer is determined from the vertical distribution of tritium in the western North Pacific Ocean. The radionuclide inventory in each box calculated by Eq. (7) is divided into the uniform and the exponential layers so that the concentration is continuous at the boarder between the two layers. The depth of the thermocline is determined by the vertical distribution of seawater temperature. These three models assume that all marine organisms live in a water layer where the radionuclide concentration is uniform, since the information is not available on the vertical distribution of marine organisms.
Dosimetry for Aquatic Pathways (1) Definition of the Collective Dose
The collective dose, S, in a specified population is defined as a quantity to measure the total radiation exposure of a group of individuals, given by(15)(16) (9) where H is the dose to an individual in a population, and N(H)dH the number of individuals receiving a does between H and H+dH. The collective dose can be subdivided into groups in which the individual doses lie within specified ranges: (10) where N(Hiav) is the number of individuals in a population subgroup i receiving an average dose of Hiav.
The collective dose is the sum of the external and the internal components from various exposure pathways. In general the external one expresses the annual dose due to direct irradiation from a radionulide in an environmental medium. The internal one, on the other hand, represents the dose committed for 50 years in a body after an annual intake of a radionuclide via ingestion or inhalation. The amount of the radionuclide intake depends upon the concentration in the medium. Although the period of the commitment in a body should depend on an age group to be assessed, the mean value of 50 years is used here for all age groups.
Usually a given source or practice will give rise to the collective dose rate, S(t), since the radionuclide concentration in the medium varies as a function of time. The time integral of the collective dose rate to infinity gives the collective dose commitment: (11) where the time integration is conducted for the radionuclide concentration in the medium, not for that in a body. This quantity represents the total radiological impact from released radionuclides over the future.
(2) Exposure Pathways The collective dose due to a liquid effluent from a reprocessing plant is calculated for various exposure pathways as follows:
(i) Exposure during working on the ocean (a) External dose due to direct irradiation from sea- 
The estimation of the collective dose requires an average dose to individuals in each box of seawater. Models for calculating the individual dose are given in APPENDIX 1. The collective dose rate due to direct irradiation and inhalation, Sx (man•Sv/yr), is assessed by integrating the individual dose over population of concern in all boxes within the assessment area: (12) where Nxj is population in box j concerning exposure pathway x, and Hxi,J the individual dose rate from radionuclide i in box j concerning exposure pathway x (Sv/yr).
On the other hand, the collective dose rate due to ingestion of marine products, Sg(man•Sv/yr), is estimated with the assumption that the total quatity of activity appearing in marine products caught in the assessment area is ingested by the Japanese population: (13) where DFgi is the internal dose conversion factor for ingestion of radionuclides i (Sv/Bq), Ridk a fraction of radionuclide i ramaining in marine product k after processing and cooking, Agk the ratio of marine product k which is used as foodstuff to its catch, PRj,k the catch of marine product k in box j (kg/yr), CP,k the bioaccumulation factor for radionuclide i to marine product k (m3/kg),Cwi,j the concentration of radionuclide i in box j(Bq/m3), and Tgk the average period between capture and human consumption of marine product k(s).
Equations (12) and (13) give the collective dose rates, since the concentration of a radionuclide in seawater (Cwi,i) varies as a function of time, and determines radionuclide concentrations in all other environmental media. Assuming that the values of all the other parameters except Cwij are independent of time, the collective dose commitment due to a certain exposure pathway can be estimated only by replacing the time-dependent radionuclide concentration in seawater with the time integral of the concentration to infinity. In practice, the time integration is conducted only for the value of and is truncated for an appropriate assigned duration. Here the collective effective dose commitment is used as a quantitative measure of the radiological impact to the whole population.
In order to distribute catches of marine products to each box of seawater within the area to be assessed, boxes are classified into four regions; coastal, offshore, deep-sea and prohibited fishing regions, as given in Fig.  2 . It is assumed that in the prohibited fishing region there is no catch of marine products to be ingested by the Japanese. The statistical data were surveyed and distributed to the three regions. The Ministry of Agriculture, Forestry and Fisheries reports periodically the catches of marine products("). The statistical data provide the catches of each species of marine product and each kind of fishery. The total catches of each kind of fishery are calculated for the four categories; fish, crustaceans, mollusca and macro-algae. The total catches are shared to the three regions, based on the relationship between the regions and kinds of prevailing fisheries. Since there is no detailed information on where a specific marine product is caught, it is inevitably assumed that the catches in a certain regions are uniformly distributed into each box in the region.
Bioaccumulation factors of each radionuclide are determined for the four categories of marine products. The selected values of bioaccumulation factors are based on the IAEA report (18) and other related literatures(")-(").
The internal dose conversion factors for ingestion and inhalation are computes with the methodology described in the ICRP Publication 30 (9) . Metabolic data revised in the ICRP Publication 48(10) are adopted for transuranic elements. All the internal dose conversion factors are those committed for 50 years in a body after an intake of a radionuclide. The DOSDAC code system calculates in advance these conversion factors, using 1987 version of ENSDF (Evaluated Nuclear Structure Data File) decay data (24) .
The catches of marine products in the three regions are given in Table 1. Table 2 also shows the bioaccumulation factors and the ingestion dose conversion factors for committed effective dose equivalents. The radionuclides given in Table 2 are those considered in two calculations by DSOCEAN in the fourth chapter of this paper. The values of Rig,k and Akg are all set to be unity under the present circumstances. If appropriate data are available, these values can be used in the code. Input data files for other parameters are listed in APPENDIX 2.
O. TOGAWA
IV. CALCULATIONS BY DSOCEAN
By using the DSOCEAN code system, two calculations have been performed to estimate the collective dose from liquid effluents. One is associated with routine release of radionuclides from a hypothetical reprocessing plant. The other is an application of the code system to disposal of liquid radioactive waste to the surface water of the ocean. The first calculation was done to identify important radionuclides and exposure pathways for radionuclides discharged from the model reprocessing plant, through comparisons with other calculations reported. The second one aimed at applying to acute discharges of radionuclides and showing the relative importance of radionuclides which were disposed of to the surface water.
Routine
Release from a Hypothetical Reprocessing Plant The collective effective dose equivalent commitment was estimated due to liquid effluents from the model reprocessing plant. The plant is supposed to be built on the seashore of the Pacific Ocean, i.e., the Tokai site. The calculation uses the discharges of radionuclides per unit energy generated, i.e., Bq/[GW(e)a], for the model facility given by UNSCEAR (25) . Table 3 shows the radionuclide discharges to the ocean used in the calculation. Five radionuclides might be important from the standpoint of radiological consequence assessment (25) : 90 sr,106Ru,129I, 137Cs and Pu(a). Here Pu(a) is represented by 239Pu which would give the maximum radiological consequence among a-emitting isotopes of Pu released from a reprocessing plant. It is assumed that the amounts of radionuclides given in Table 3 are constantly released to the ocean for a year. The eddy diffusion coefficient of 100m2/s might be adequate for the scale of water movements considered in the calculation (12) . Because the radionuclide release and the dose assessment range over a long period, the uniform model on the thermocline is used here for the vertical transfer of radionuclides. Figure 5 shows the calculated results of the collective effective dose equivalent commitment per unit energy generated. The total collective dose from liquid effluents was estimated to be 0.29man,Sv/[GW(e)a]. In the results, 80% of the dose results from Pu(a), and 14% from 137Cs. The dominant exposure pathway is the ingestion of marine products, whereas the contributions of the other pathways such as direct irradiation and inhalation are negligibly small. The estimated collective doses per TBq released to the ocean form the model plant are given in Table  4 , together with the UNSCEAR (25) and the CEC(27) calculations. All these results express the collective effective dose equivalent commitments for a constant release of each radionuclide for a year. Table 4 shows that the collective doses from liquid effluents might be influenced Table  1 Catches of marine products in the three regions more strongly by the site conditions such as oceanography and the catches of marine products than by the values of model parameters. In the present calculation, the liquid wastes are rapidly transported away from the release point by the Japan Current and diluted by enormous volume of seawater in the Pacific Ocean. The doses obtained by the present work are comparable with those due to the releases into the Bay of Biscay open to the Atlantic Ocean, which were estimated in the CEC report. However the doses from the radionuclides except Pu(a) are significantly lower than those due to the releases into the Irish Sea of a shallow depth, calculated in the UNSCEAR report. The dose from Pu(a) in the present calculation is particularly larger than the other results. Main reason is the fact that the internal dose conversion factors for ingestion used here are calculated with the metabolic data revised in the ICRP Publication 48 (10) . For transuranic elements, ICRP revised the metabolic data such as the fraction absorbed from a gastro-intestinal tract and the biological half-lives in bone and liver. The conversion factors used in the UNSCEAR and CEC calculations are based on the former metabolic data presented in ICRP Publication 30. As a result, the dose conversion factors for Pu(a) used here are larger by about two orders of magnitude (26) (27) . Figure 6 shows the relative importance of marine products to the collective dose. The percentage contributions from the four marine products are different depending on the radionuclides. Ingestion of fish is important for 90Sr, 137Cs, 129I and Pu(a), mollusca for 106Ru, and macro-algae for 129I, respectively. These contributions are reflected by the differences in the values of the bioaccumulation factors and the catch distribution for each marine product. The catch of fish is about eight times as much as that of mollusca, and 50 times as those of crustaceans and macro-algae, respectively. In opposition to this fact, ingestion of mollusca and macro-algae is dominant for intake of 106Ru and 129I. This is because bioaccumulation factors are large for these marine products.
Disposal of Liquid Radioactive Waste
to the Surface Water In 1993, Russia disposed of liquid radioactive waste to the Japan Sea. The collective effective dose equivalent commitment due to the waste was estimated to the Japanese population. The waste was disposed of to the surface water off the coast of Nakhodka in Russia. The calculation is conducted for four radionuclides: 60 c 90Sr, 134Cs and 137Cs. The same amount of each radionuclide (3.7x1010 Bq) is supposed to be disposed of for a day. The eddy diffusion coefficient of 10m2/s may be appropriate for the assessment at the Japan Sea(28). The step model on a thermocline is used here for the vertical transfer of radionuclides. Figure 7 shows the concentration of 137Cs in the ocean around Japan 10 years after the disposal. The waste spreads with time throughout the Japan Sea around the disposal point. The radionuclide tends to be transferred faster toward the southeast by the effects of the Tsushima Current and a branching flow of the Riman Current. The Tsushima Current also prevents the radionuclide from moving toward the Tsushima Straits. As a result, the waste reaches first the coastal region in the northern and central parts of the Main Island. Part of the radionuclide which comes to the coastal region is transferred to the Pacific Ocean passing through the Tsugaru Straits. The radionuclide coming to the Pacific Ocean goes southward by the action of the Kuril Current, and then spreads toward the east by the Japan Current. Table 5 gives the calculated results of the collective effective dose equivalent commitments due to the same activity of each radionuclide (3.7x1010 Bq). The collective dose from 137Cs is the maximum (1.2x10-2 man•Svv), and the contributions from 60Co, 90Sr and 134Cs are one fourth, one fourth and one fortieth, respectively. The differences in the collective dose are reflected by those in radiological half-lives of radionuclides, bioaccumulation factors to marine products and the internal dose conversion factors for ingestion. The dominant exposure pathway is the ingestion of marine products, whereas the contributions of the other pathways such as direct irradiation and inhalation are negligibly small. The estimated collective doses would be conservative because the model used here assumes that radionuclides are not transferred below the thermocline.
There are uncertainties in models and parameter values used in the calculation. Therefore, case studies were undertaken for models and parameters which could have large effects on the estimation of the radionuclide transfer in the ocean and the collective dose. In the first case study, the calculation was carried out using the eddy diffusion coefficient of 100 m2/s, which is 10 times larger than that in the above calculation. The result using the larger coefficient gives the faster transfer and the isotropic spread of radionuclides from the disposal point. However, the collective dose from 137Cs using the larger coefficient was also estimated to be 1.2x10-2 man•Svv which is the same as the above calculation.
This fact shows that in this calculation, the eddy diffusion coefficient has a small effect on the assessment of the collective dose. The collective dose calculated here would be dominated by the ingestion of marine products caught in the Japan Sea. Although the larger diffusion coefficient gives the faster dispersion of radionuclides, the time integral of the radionuclide concentration in the Japan Sea might be the same. For the vertical transfer of radionuclides, it is possible to use one of three simple models in which the effect of a thermocline is taken into account. The step model was used in the above calculation.
In the second case study, the collective doses were also estimated using the other two models. Although the collective does from 137Cs was 
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Models for Calculating the Individual Dose
(1) Exposure during Working on the Ocean Models are explained below for calculating the individual dose to a fisherman, a seaman or a member of the public from each exposure pathway. Here three superscripts, i, j and k, denote the orders of a radionuclide, a seawater box and a marine product, respectively. External dose due to direct irradiation from seawater, Holo (Sv/yr), is expressed by (14) where F0=T0/8,760, T0, is the average period for which in a year a fisherman works on the ocean (h), SD, the shielding factor of a ship, DF0i,n the external dose-rate conversion factor for direct irradiation from radionuclide i in n-th water layer (Sv•m3/Bq/yr), and Coi,j,n the concentration of radionuclide i in n-th water layer of box j (Bq/m3). In the model, the radionuclide concentration is assumed to be uniform over the water depth to be assessed in this pathway.
The external dose due to direct irradiation from a ship, Hbi,j (Sv/yr), is expressed by (15) where DPbi,j, is the external dose-rate conversion factor for direct irradiation from radionuclide i attached to a deck of a ship (Sv•m22/Bq/yr), TFbi the transfer coefficient of radionuclide i from seawater to a deck of a ship (Bq/m2 per Bq/m3), and Coi,j the concentration of radionuclide i in box j (Bq/m3). (17) where DFhi is the internal dose conversion factor for inhalation of radionuclide i (Sv/Bq), BR the breathing rate of an individual (m3/yr), SPj the air concentration of water spray in box j (kg/m3), and rw the density of seawater (kg/m3).
(2) Exposure during Working on the Seashore The following equation estimates external dose to a fisherman due to direct irradiation from a beach, Hs1i,j (Sv/yr): (18) where Fs=-Ts /8,760, Ts is the average period for which in a year a fisherman works on a beach (h), DFsi,m the external dose-rate conversion factor for direct irradiation from radionuclide i in m-th soil layer of a beach (Sv•m3/Bq/yr), rs the density of beach soil (kg/m3), Kdi the distribution coefficient of radionuclide i between seawater and beach soil (m3/kg), ft(zm) the function which represents the vertical distribution of radionuclide i in beach soil, and zni the lower boundary of m-th soil layer (m) where z0=0. The function, ft(z), is expressed by (29) (19) where lis is the attenuation constant for the vertical distribution of radionuclide i in beach soil (m-1).
External dose during handling a fishing net on a beach, Hn2i,j(Sv/yr), is calculated by the similar way to that on a ship: (20) 
where bi is a degree of enrichment of radionuclide i in resuspended solid, Mg the amount of resuspended solid in air (kg/m3), and dg the thickness of beach soil which contributes to resuspension (m). (3) Exposure during Leisure Activities External dose to the public due to direct irradiation from a beach, Hs2i,j (Sv/yr), is represented by the similar equation to that for a fisherman: (22) where Fh=Th/8,760, Th is the average period for which in a year people spend their time on a beach in leisure activities such as swimming, fishing and shell gathering (h).
The following equation expresses external dose during swimming, Hwi,j (Sv/yr): (23) where Fw=Tw/8,760, Tw is the average period for which in a year people swim in the ocean (h), and DFwi the external dose-rate conversion factor for irradiation from radionuclide i during swimming (Sv•m33/Bq/yr).
Internal dose to the public due to inhalation of a radionuclide resuspended from a beach, Hh2i,j(Sv/yr), is estimated by the similar way to that for a fisherman: (24) (4) Exposure due to Ingestion of Marine Products The internal dose due to ingestion of marine products, Hgi,j,k (Sv/yr) is expressed by (25) where DFgi is the internal dose conversion factor for ingestion of radionuclide i (Sv/Bq), CRk the average human consumption rate of marine product k (kg/y•), Rgi,k the fraction of radionuclide i remaining in marine product k after processing and cooking, CFi,k the bioaccumulation factor for radionuclide i to marine product k (m3/kg), and Tgk the average period between capture and human consumption of marine product k (s). catches of marine products. The following describes summaries of input data files.
(1) Oceanographic Data and Topographic Data The oceanographic data used in DSOCEAN are temperature and salinity in seawater, and the GEK data within the assessment area. The average data are provided for each month of 13 years from 1973 to 1985 (only the GEK data are available until 1986). The temperature and salinity data are given for each box of 30 min and at various depths of the ocean. The GEK data, however, are prepared for each box of one degree and at the surface water. All of these data were offered from Oceanographic Data and Information Division (Japan Oceanographic Data Center), Hydrographic Department, the Maritime Safety Agency.
The topographic data of the ocean used here are a volume, cross-sectional areas and the mean depth of water in each box within the assessment area. The crosssectional areas are necessary only for the left and lower sides in each box. The file also includes the information on how the land exists in a box. All of the data were obtained from a hydrographic chart.
(2) Distribution Coefficients and Data for Sedimentation Models in DSOCEAN use two kinds of distribution coefficients (commonly referred to Kd) for each radionuclide. One is the coefficient between seawater and suspended solid in the ocean, and the other is between seawater and beach soil. The selected Kd values are based on those for pelagic clay and coastal sediment, respectively. These values are given in the IAEA report (18) . At the present situation, the single representative values for the Pacific Ocean(21) are used for the amount and the sedimentation rate of suspended solid, respectively. If data for each box are available, these data can be used in the code.
(3) Dose-rate Conversion Factors and Radiation Data The external dose-rate conversion factor for swimming is evaluated by a water immersion model(1'). On the other hand, the calculation of the external dose-rate conversion factor for direct irradiation from a beach is carried out with the methodology used in a computer code DFSOIL (30) . This code was incorporated into the COLDOS code. DFSOIL originally computes the external dose-rate conversion factor for each of five soil layers, which have the infinite areas parallel to the ground. This conversion factor determines the external dose rate in air at 1 m above the ground from the photon source per unit concentration of a specific radionuclide in each soil layer. The conversion factor for direct irradiation from seawater is similarly estimated by using model parameters for water(31)-(33) instead of those for soil. DFSOIL also calculates the external dose-rate conversion factor for the infinite surface source as well. An extended model of DFSOIL, therefore, computes the conversion factor for direct irradiation from a ship and a fishing net. The extended model regards a deck of a ship as a circle of a specific radius, and supposes that a fisherman stands on the center of the circle. In case of a fishing net, on the other hand, it is assumed that the net is rolled up into a cylinder and a fisherman handles it standing parallel to the base of the cylindrical net (29) . The radiation data consist of the kind, the average and the maximum energies, and intensity of emitted radiation. These data are necessary for the calculation of the external doserate conversion factors by using DFSOIL. DOSDAC also computes the radiation data in advance, using the 1987 version of ENSDF decay data.
(4) Population Three kinds of population data are prepared for persons working on the ocean, those working on the seashore and those on leisure activities. Persons working on the ocean include both of fishermen and seamen. The population data of fishermen are reported by the Ministry of Agriculture, Forestry and Fisheries (34) , and those of seamen by the Ministry of Transport (35) (36) . The statistical data give the population of fishermen for each kind of fishery, and that of seamen for each navigation area, respectively. The total populations of fishermen and seamen are distributed to the three regions, based on the kind of fishery, a navigation area and size of a ship. The populations in a certain region are assumed to be uniformly distributed to each box in the region, because there is no detailed information on where these people work.
Persons working on the seashore are regarded as only fishermen. Leisure activities, on the other hand, consist of swimming, fishing and shell gathering. The population data on these leisure activities are given in statistical reports by the Prime Minister's Office(37) and each prefecture("). The four kinds of population data concerned with working on the seashore and leisure activities are prepared for each prefecture which faces the ocean. These data are distributed to boxes including the coast, provided that these populations are proportional to the length of the coast.
